The peanut plant (Arachis hypogaea L.) produces flowers aerially, but buries the recently fertilized ovules in the soil in order for the fruit and seeds to mature underground. The organ that carries the seeds into the soil is called the gynophore. The growth of the peanut gynophore is regulated primarily by indole-3-acetic acid (IAA). A monoclonal antibody raised against IAA was used to successfully detect and localize this growth substance in the tissues of developing peanut gynophores. Five different stages of development were analysed : (1) before fertilization ; (2) after fertilization ; (3) during downwards growth ; (4) at soil penetration ; and (5) at the early stages of fruit formation. While no auxin signal is visible in the unfertilized ovules and ovary region, an asymmetric signal is observed in the gynophore wall after fertilization. During downwards growth, the auxin signal is located in both the meristematic region and in the area encircling the seeds, as well as in the cortex and epidermis region of the elongation zone. Upon soil penetration, the auxin signal in the meristematic region disappears, and most of the signal is detected in the gynophore wall near the tip. At the early stages of peanut fruit development, auxin signal is found at the lowermost area of the bending fruit, which eventually causes the fruit to be positioned horizontally. The results of this study suggest that the possible source of auxin within the gynophore may be the area of the gynophore wall close to the tip.
INTRODUCTION
The groundnut or peanut plant (Arachis hypogaea L.) has an extraordinary growth habit : it is able to ' sow ' its own seeds. This phenomenon is called geocarpy, which means that the flowers are produced aerially, but the fruit and seed develop underground (Smith, 1950) . Once the ovules of the peanut flower are fertilized, a specialized organ called the gynophore begins to form. The gynophore elongates and grows downwards, exhibiting a positively gravitropic behaviour (Jacobs, 1951 ; Shushu and Cutter, 1990 ; Moctezuma and Feldman, 1998) . The gynophore carries the young seeds and buries them into the soil, where fruit and seed maturation eventually occur ( Fig. 1 ; Smith, 1950) .
The morphology and anatomy of the growing peanut gynophore and the eventual fruit formation have been thoroughly described by several workers (Ziv and Zamski, 1975 ; Periasamy and Sampoornam, 1984 ; Pattee and Mohapatra, 1987) . It is well established that after fertilization of the ovules, an intercalary meristem forms at the basal region of the gynophore, forming a straight 3-4 mm long structure. The gynophore then begins to bend downwards towards the ground, and as its tip reaches the soil the cells of the intercalary meristem elongate and lose their meristematic activity (Periasamy and Sampoornam, 1984) . Finally, as the gynophore tip begins to swell * Fax j510 642-4995, e-mail edgar!nature.berkeley.edu underground, the cells of the developing fruit begin to elongate more on the dorsal side (proximal to the basal ovule) than at other regions of the fruit-this eventually results in the horizontal orientation of the fruit proper (Fig. 1 d-f ; Periasamy and Sampoornam, 1984) .
The growth and development of the gynophore and the peanut fruit are controlled by several plant growth substances (Shushu and Cutter, 1990 ; Shlamovitz, Ziv and Zamski, 1995) . Shushu and Cutter (1990) studied the roles of the auxin indole-3-acetic acid (IAA), gibberellic acid (GA) and cytokinin during the growth and development of the peanut gynophore : they found that a possible combination of IAA and GA may play a crucial role in the elongation of the gynophore. Shlamovitz et al. (1995) measured the levels of ethylene, IAA and abscisic acid (ABA) at three different stages of gynophore and pod development : before soil penetration, after soil penetration and during pod development. Shlamovitz et al. (1995) found that the levels of ethylene increased slightly during soil penetration, the levels of IAA remained relatively constant at all three stages, and the levels of ABA decreased three-to five-fold after soil penetration and pod development.
Several studies show that IAA plays a key role in the growth of the gynophore and in the development of the peanut fruit (Ziv and Zamski, 1975 ; Shushu and Cutter, 1990 ; Moctezuma and Feldman, 1998 fruit set in many species (Davies, 1995) . Since all these events take place during the growth of the peanut gynophore, much research has focused on the role of IAA in the growth and development of the peanut gynophore. Previous studies (Jacobs, 1951 ; Ziv and Zamski, 1975) provide correlative evidence indicating that IAA regulates the growth of the peanut gynophore and the development of the peanut fruit. The crucial role that IAA plays in the gravitropic response of the peanut gynophore has already been described (Moctezuma and Feldman, 1996) . Other physiological studies by Shushu and Cutter (1990) and Moctezuma and Feldman (1998) further corroborate the importance of IAA, IAA transport and the seed (tip) region in the growth and development of the peanut gynophore. Shushu and Cutter (1990) found that both excising the tip or preventing IAA transport from the tip region to the intercalary meristem inhibited the growth of the gynophore. Conversely, they also found that excising the tip region and exogenously applying IAA partially restored growth in the gynophore. Despite all the previous work on the role of IAA in the growth and development of the peanut gynophore, there has been no study linking anatomical and morphological data to physiological evidence (i.e. the plant growth substance interactions within the tissues). Studies have corroborated the presence and physiological activity of IAA in the growth and development of the peanut gynophore (Shushu and Cutter, 1990 ; Shlamovitz et al., 1995) , but these physiological events have not been correlated with the morphological and anatomical changes that occur in developing gynophores. Therefore, many questions still remain unanswered : (1) what is the likely source of IAA in the downward-growing peanut gynophore ? Although both Jacobs (1951) and Shushu and Cutter (1990) concluded that the probable source of IAA was young seeds, they only provided correlative evidence for this claim (their tipexcision experiments). The specific source of IAA in the peanut gynophore is still uncertain : the tip region consists not only of the seeds, but also the intercalary meristem and the gynophore wall. (2) What are the spatial and temporal patterns of auxin distribution within the tissues of the gynophore at different stages of development (i.e. from flower to fruit formation) ? (3) Where does auxin activity take place in the tissues of the developing gynophore ? (4) If the patterns of auxin localization differ at each developmental stage, do these patterns correlate with morphological and cellular changes that occur in the developing peanut gynophore ?
The answers to these and many other questions are now attainable thanks to the advancement of plant growth substance immunoassay techniques (Shi, Miller and Moore, 1993 ; Pence and Caruso, 1998 ; Caruso, Pence and Leverone, 1995) . In the present study, a monoclonal antibody raised against IAA was used to successfully detect and localize this growth substance in the tissues of peanut gynophores at different stages of development-from pre-fertilization to the beginning of fruit formation.
MATERIALS AND METHODS
Peanut plants (Arachis hypogaea ' Virginia 93B ') were grown as previously described by Moctezuma and Feldman (1998) . Gynophores were excised from the plant at different stages of development. Five to ten sample gynophores of each developmental stage were used in these experiments, and each experiment was repeated at least three times. The five developmental stages studied were : (1) pre-fertilization ; (2) 10-24 h after fertilization ; (3) during downward growth ; (4) during soil penetration ; and (5) at the early stages of fruit formation.
Excised samples were immediately fixed in freshly prepared 3 % aqueous 1-ethyl-3-(dimethyl-aminopropyl)-carbodiimide hydrochloride (EDAC, Sigma, USA) for 1 h at 4 mC under vacuum. EDAC crosslinks the carboxyl group of IAA to structural proteins in the plant tissues, and also serves to preserve the antigenicity of IAA to this particular monoclonal IAA antibody (Shi et al., 1991 ; Caruso et al., 1995) . Subsequently, tissues were postfixed for 2-4 h in formalin-acetic acid-alcohol (FAA) at 4 mC under vacuum, dehydrated with a graded ethanol series, embedded in paraffin and sectioned to 10-12 µm. After drying at 42 mC, sections were deparaffinized and hydrated in an ethanolwater graded series. Slides were incubated for 45 min at room temperature (RT) in a blocking solution [10 m phosphate solution (pH 7), 0n1 % Tween-20, 1n5 % glycene, and 5 % w\v bovine serum albumin (BSA)]. Sections were rinsed with regular salt rinse (10 m phosphate solution, 0n0088 % w\v NaCl, 0n1 % Tween-20, and 0n8% w\v BSA), and briefly washed with a PBS\BSA solution (10 m Phosphate solution, 0n8 % BSA). A 1 : 20 dilution of the primary IAA antibody (1 mg per ml of water) in PBS\BSA solution was made, and 40 µl were added to each section. The monoclonal IAA antibody, kindly provided by Dr John L. Caruso (University of Cincinnati), was raised against carboxyl-linked IAA in mice (see Leverone et al., 1991 ; Pence and Caruso, 1988 ; Caruso et al., 1995) . Sections were incubated with this primary IAA antibody in a humid chamber for 4 h at RT in darkness, then washed vigorously twice in a high salt rinse solution (10 m phosphate solution, 2n9% w\v NaCl, 0n1 % Tween-20 and 0n1% w\v BSA), and then washed again with the regular salt rinse and the PBS\BSA solution. The secondary antibody [Anti-mouse IgG AP conjugate (1 mg ml − "), Promega, USA] was diluted 1 : 20 in PBS\BSA solution, and 50 µl were added to each section. Sections were incubated with the secondary antibody as described above for 4 h, and then rinsed twice in regular salt rinse, and once in distilled water. The slides were then developed for approx. 1 h by adding 200 µl of Western Blue stabilized substrate for alkaline phosphatase (Promega, USA). As the blue\purple colour was observed on the sections, they were rinsed with water, dehydrated and mounted with a coverglass for photographing. For each developmental stage, a representative sample is shown .
Several controls were included to verify the effectiveness of the immunolocalization technique and the specificity of the monoclonal IAA antibody. First, a set of five negative controls were performed in cross sections of 30-50 mmlong, downwardly-growing peanut gynophores, at the elongation zone, approx. 2-5 mm from the tip (Moctezuma and Feldman, 1998) . In the first three controls, EDAC prefixation, the primary monoclonal antibody and the secondary antibody were each omitted respectively from the procedure. In the fourth control, the primary IAA antibody was substituted with a control antibody (P3X63), which has no known antigen (Leverone et al., 1991) . Finally, a competition assay control was also performed as described by Kerk and Feldman (1995) . The primary IAA antibody was incubated overnight with the antigen (a 1i10 − $  solution of IAA) for a saturation of the binding sites of the primary IAA antibody. The primary antibody-IAA solution mixture was applied to the tissue sample. This control was performed to determine the specificity of the primary antibody for IAA (Kerk and Feldman, 1995) .
Several positive controls were also included to verify the specificity of the antibody for IAA. First, 10 − %  IAA in agar blocks were substituted for the excised tips (approx. 0n5 mm) of gynophores for 1 h. Other replicate gynophores were given agar blocks without any IAA. After immediate fixation with EDAC, the complete immunolocalization procedure was performed on the samples to detect any auxin signal.
A second positive control performed to verify the specificity of the monoclonal antibody to IAA was an immunoblot assay. Different concentrations of IAA (from 10 − # to 10 − & ) were blotted (10 µl each) onto a membrane (PVDF, 0n45 µm, Millipore, USA) and dried for 3-5 min. The first column contained BSA, the second aqueous IAA, the third IAA with BSA, and the fourth had IAA, BSA and 3 % EDAC. After blocking, primary and secondary antibody incubation, and washing with PBS (as in the immunolocalization procedure described earlier), the membrane was developed with stabilized substrate for alkaline phosphatase to detect any IAA signal on each column. Only the column with the IAA, BSA and EDAC showed a concentration-dependent, positive signal (data not shown).
A final control for the IAA immunolocalization technique was performed to quantify the percentage of IAA that is crosslinked with the EDAC. "%C-IAA (0n3 µl ml − " of 1-15 mCi per mmol, Sigma, USA) was blotted onto a PVDF membrane as above. Three dots in the membrane contained : (1) a radioactive IAA solution ; (2) radioactive IAA with BSA ; and (3) radioactive IAA with BSA and with 3 % EDAC. After blotting, one replicate membrane was immediately cut, placed in a scintillation vial, filled with 4 ml of scintillation fluid (ScintiVerse BD, Fisher, USA) and counted on a scintillation counter (Beckman, USA). Another sample underwent the complete blocking and PBS washing treatment as for the immunoblot assay. This control was repeated twice. Table 1 shows the results of this control.
RESULTS

Controls
The immunolocalization procedure controls corroborate the specificity of the monoclonal IAA antibody for auxin within the tissues. The tissue sections with the complete procedure (Fig. 2 A) show that the auxin signal is localized in the entire cortex and epidermis of the gynophore ; in a ' ring ' that surrounds the vascular bundles. Omitting EDAC pre-fixation, primary antibody incubation, and secondary antibody incubation (Fig. 2 B-D, respectively) , results in sections without any signal staining. Similarly, no auxin signal was detected in samples in which the primary IAA antibody was substituted with the antibody P3X63 which has no known antigen and does not bind specifically to either IAA, the secondary antibody or to anything else in the sections. Another control performed for this immunolocalization procedure was a competition assay (Kerk and Feldman, 1995) . By incubating the primary IAA monoclonal antibody with the antigen (in this case, IAA), the binding sites of the antibody became saturated. Thus, the tissue sections of this control showed very little signal staining (Fig. 2 F) .
Because the antibody used in this work is also reported to be specific to methyl-IAA (Pence and Caruso, 1988) , it was necessary to verify that the fixating procedure, including the crosslinking with EDAC, preserved the antigenicity of IAA for the antibody. The results of the positive controls verified the specificity of the IAA antibody for IAA in this immunolocalization technique. First, adding IAA in agar blocks to the excised tips of gynophores resulted in a positive, blue\purple signal at the zone of IAA application, whereas the blocks without any IAA did not give any signal at the cut surface (data not shown). The immunoblot assay also showed that the antibody used in this work was able to recognize IAA, since the IAA blotted with BSA and EDAC resulted in a positive, concentration-dependent signal in the membrane (data not shown). The results of the final blotting assay, shown in Table 1 , demonstrate that EDAC crosslinks to a filter approx. 13 % of the radioactive IAA-which is not removed by either blocking or washing of the membrane. These results also confirm that the immunolocalization assay used in this work is sensitive enough for detecting IAA within the plant tissues. Shlamovitz et al. (1995) reported that the amounts of IAA in the developing gynophore vary from 0n4 to 0n6 ng mg − ". The first immunoblotting assay gives a signal even at the lowest concentration of IAA used (10 − & ), which means that the immunolocalization technique can detect at least 1n74i10 − $ ng mg − " of IAA within the tissues of the gynophore. Thus, even after losing some endogenous IAA (approx. 87 %) by blocking, washing and incubating the tissues, the sensitivity of the immunolocalization technique easily allows the detection of IAA in the amounts naturally found in the gynophore.
IAA patterns at different de elopmental stages
The patterns of IAA immunolocalization staining varied greatly in the five developmental stages of peanut gynophore studied (pre-fertilization, fertilization, downward growth, soil penetration and early fruit formation).
First, a dramatic change in the localization of the auxin signal was observed as a result of fertilization of the ovules in the peanut. At the pre-fertilization stage, the tissue sections showed no auxin signal (Fig. 3 A) . However, once the ovules had been fertilized, and the gynophore began to grow, an asymmetric localization of the auxin signal appeared in the post-fertilized gynophore (Fig. 3 B) . Notice that only the adaxial side of the gynophore (the left side of Fig. 3 B) , showed the auxin signal.
F. 4. Patterns of IAA immunolocalization of the peanut gynophore. A, Downward-growing, positively gravitropic gynophore, 3 cm long, with most of the IAA signal located in the epidermis, cortex and the meristematic region around the seeds. B, A gynophore that has recently penetrated the soil, with most of the IAA signal located near the tip. C, Early stages of fruit development inside the soil, with the IAA signal located at the ventral (lowermost) surface. This ventral surface will grow faster and will eventually lead to the typical horizontal orientation of the peanut fruit. Bars l 0n7 mm.
F. 5. IAA signal in the intercalary meristem. Before soil penetration (A), the IAA signal is localized in the gynophore wall near the tip and in the intercalary meristem (im) region surrounding the seeds (s). Upon soil penetration (B), the IAA signal at the intercalary meristem region is no longer present (arrowhead), and most of the signal is localized in the gynophore wall near the tip. Bar l 0n25 mm.
In vertically growing young gynophores (30 to 50 mm long), staining occurred in the cortex and epidermis (Fig.  4 A) , surrounding the gynophore's vascular bundles (Fig.  2 A) . Besides the auxin signal detected in the epidermal and cortical region, staining also occurred in the meristematic region of the gynophore, surrounding the seeds in a ' halo '-like pattern (Fig. 5 A) . Once the gynophore tip penetrated the soil, a strong signal was detected near the tip of the gynophore (Fig. 4 B) . However, the auxin signal around the seeds in the meristematic region of the gynophore (i.e. the ' halo '-like pattern) vanished during the soil-penetration stage (Fig. 5 B) . F. 6 . Cross section of the seed region, approx. 0n7 mm from the tip. No IAA signal was located in the seeds (s) at any stage of gynophore development. Bar l 0n2 mm.
In the early stage of fruit formation (3-5 d after soil penetration), the auxin signal was detected in the lowermost side of the bending gynophore at the epidermal and cortical cell layers (Fig. 4 C) . This lower side presumably grows more in order for the fruit to develop horizontally or parallel to the soil surface (see Fig. 1 d-g ).
No staining was detected in the peanut seeds at any of the five stages of gynophore development analysed in this study. In a cross section of the seed region of a downward-growing gynophore, no auxin signal was observed in the seeds (Fig. 6 ).
DISCUSSION
The different patterns of auxin that occur in the tissues of the peanut gynophore at different stages of development (from pre-fertilization to fruit formation) were investigated. Using an immunoassay procedure with a monoclonal IAA antibody, the immunolocalization of endogenous auxin within the tissues of developing gynophores was successfully achieved.
The different controls performed for this immunolocalization technique corroborate the specificity of the monoclonal IAA antibody to endogenous auxin in the plant tissues (Fig. 2 A-F, Table 1 ). Pence and Caruso (1988) reported the isolation of the monoclonal antibody used in this work, raised against IAA in mice by a carrier protein coupled to the carboxyl group of IAA. This monoclonal antibody has a strong crossreactivity to methyl-IAA, and very weak crossreactivity to free IAA (Pence and Caruso, 1988) . However, the three positive controls performed in this work indicate that at least for the immunolocalization procedure employed in this work, the use of this monoclonal antibody is effective for the immunodetection of IAA in plant tissues. The controls also highlight the importance of the EDAC pre-fixation in the immunolocalization technique utilized in this work. More specifically, EDAC may play two essential roles in this procedure : first, it fixes and immobilizes free IAA within the tissues ; second, this crosslinking may modify the carboxyl group of IAA enough to make free IAA detectable with the monoclonal IAA antibody. Previous work reports the modification of carboxyl groups of other molecules with EDAC (Mejillano and Himes, 1991) , so it is likely that the carboxyl group of IAA, during the crosslinking to structural proteins within the tissues with EDAC, is modified enough to allow detection of the crosslinked IAA with the monoclonal IAA antibody used in this work. Thus, although the possibility that this IAA antibody may also detect other IAA conjugates cannot be discarded, all of the positive and negative controls, coupled with the use of EDAC for crosslinking IAA, strongly indicate that the immunolocalization of IAA within the tissues of the gynophore was successfully attained in this work.
Although many studies have shown a physiological importance for IAA in developing gynophores, these studies have not been very specific as to which particular tissues contain IAA. Shlamovitz et al. (1995) measured the quantities of IAA at different stages of gynophore and pod development. They found that the amount of IAA varied between 0n4 and 0n6 ng mg − " d. wt by an enzyme linked immunosorbent assay (ELISA) method. They did not detect statistically significant differences in IAA amounts at the three developmental stages (before soil penetration, after soil penetration, and during pod development). One problem with the data of Shlamovitz et al. (1995) is that they used whole tips (0n5 to 1 cm long) of gynophores which included ovaries, gynophore wall, intercalary meristem and adjacent gynophore tissue. In other words, it was impossible to distinguish exactly where the IAA was located within the different tissues at the different stages of development. An immunolocalization study for auxin at the different phases of gynophore development was necessary to elucidate this point.
A dramatic change in the pattern of IAA localization occurs after fertilization of the ovules in the peanut flower. While no signal is visible in the unfertilized ovules and ovary region, a very strong signal is detected near the tip and the gynophore wall of the fertilized gynophore (Fig. 3) . Thus, it is possible that the fertilization process itself triggers either the transport or a de no o synthesis of IAA in the recentlyfertilized gynophore. Nevertheless, this increase in auxin signal is not symmetric : more signal is localized in the adaxial side of the fertilized gynophore (Fig. 3 B) . This asymmetric auxin localization eventually leads to more growth on one side of the organ, which subsequently leads to the downward bending of the gynophore towards the soil.
When the gynophore is growing vertically downwards, auxin is localized in the epidermal and cortical tissue of the elongation zone, surrounding the vascular bundles (Figs 2 A and 4 A). It is well established that auxin stimulates cell elongation by loosening the cell walls of plant organs (Rayle and Cleland, 1992) . Thus, it is plausible to find a strong auxin signal exactly in the cortex and epidermis of the elongation zones (Moctezuma and Feldman, 1998) of gynophores that are growing down towards the soil.
IAA also promotes cell division in plant organs (Davies, 1995) . In vertically growing gynophores, cell division occurs primarily in the intercalary meristem that is located proximal to the seeds (Shushu and Cutter, 1990) . In agreement with this idea, the auxin signal was located in both the meristematic region and in the area encircling the seeds, in a ' halo '-like pattern (Fig. 5 A) . This finding indicates that the auxin detected in this zone may be directly involved in stimulating and\or maintaining the meristematic activity of this region.
A very different pattern of auxin localization was observed in gynophores which had already penetrated the soil : (1) the signal in the meristematic region disappeared ; and (2) most of the signal was detected in the gynophore wall near the tip (Figs 4 B and 5 B) . The loss of signal in the region surrounding the seeds corroborates a previous observation that the intercalary meristem of the gynophore, soon after soil penetration, loses its meristematic activity behind the basal ovule (Periasamy and Sampoornam, 1984) . At the present time, it is not known whether the absence of auxin (and therefore auxin signal) causes the loss of meristematic activity or ice ersa, but a strong correlation between these two events was observed in this work.
In addition, the tip of the soil-penetrating gynophore presents a more rounded shape, as compared to the aerial gynophore. It is possible that this change in shape is caused by the increased concentration of auxin that was found precisely in the gynophore wall closest to the tip region. Previous work indicates that the gynophore tip undergoes dramatic changes in cell number, and in the function and volume of the surface cells once it enters the soil (Periasamy and Sampoornam, 1984 ; Webb and Hansen, 1989) . This enhanced accumulation of auxin signal near the tip, and the increased growth that occurs in this region, may be a necessary step for the gynophore to burrow further into the soil ; mature peanut fruits can be found 4-8 cm into the ground.
At the early stages of peanut fruit development, an auxin signal can be found along the ventral surface of the bending fruit (Fig. 4 C) . This lowermost tissue is presumably the zone that must grow more rapidly in order for horizontal bending of the mature fruit to take place (Fig. 1 d-f) . These results agree with previous experiments in which more radioactively-labelled IAA signal was found in the bottom (lowermost) half of bending gynophores (Shushu and Cutter, 1990) . In other studies, it has been reported that, at the early stage of fruit maturation, more rapid cell enlargement occurs at the dorsal side proximal to the basal ovule than in other regions of the peanut fruit (Periasamy and Sampoornam, 1984) . This unequal cell enlargement, probably attributable to the increased accumulation of IAA in the lowermost, ventral surface, eventually leads to the typical horizontal orientation in which the fruit proper is usually found underneath the soil (Fig. 1 d-f) .
Finally, one question still remains unanswered : what is the source of auxin in the growing peanut gynophore ? Previous studies suggest that young seeds are the main source of IAA involved in the growth of the peanut gynophore (Jacobs, 1951 ; Shushu and Cutter, 1990) . However, the results of this work indicate that this may not necessarily be the case : no auxin signal was detected in the seeds of the peanut gynophore at any stage of development . One plausible explanation may be that the IAA concentration in seeds is below the threshold of detection for this immunolocalization procedure. Another possibility is that the seeds produce precursors of IAA, IAA conjugates, etc. which are eventually converted to the IAA detectable in the wall, cortex and epidermis of the gynophore. Another explanation is that the seeds may not be the source of IAA in the peanut gynophore : IAA may be synthesized de no o in the gynophore wall near the tip, and then transported to the elongation zones of the gynophore. In addition, other plant growth substances in the seed may be present, and, directly or indirectly (through their possible interaction with IAA), may be responsible for the growth and development of the peanut gynophore and fruit. Due to the limitations of the IAA immunolocalization technique, it is not yet possible to provide evidence in favour of either of these proposals ; further studies on the synthesis and transport of IAA in the peanut gynophore are needed.
In conclusion, auxin plays an important role in the different developmental stages of the peanut gynophore : from fertilization to the early stages of fruit maturation. Although other plant growth substances such as gibberellins, cytokinins (Shushu and Cutter, 1990) , ABA, ethylene (Shlamovitz et al., 1995) and even brassinosteroids may be involved in the growth and development of the peanut gynophore, IAA seems to be of key importance in this process. Similarly, in other developmental processes, such as the opening of the pea hooks, other plant growth substances (like ethylene) are of central importance (Peck, Pawlowski, and Kende, 1998) . In the peanut gynophore, ethylene levels increase slightly upon penetration into the soil (Shlamovitz et al., 1995) . The interaction of auxin with other plant growth substances (such as GA or ethylene) during gynophore development, remains a possibility. However, the focus of this study was only on auxin and its localization and effects within the tissues of the developing gynophore. In this study, it has been confirmed that auxin is involved in organ extension growth, cell elongation and cell division of the developing peanut gynophore. The results obtained in this study correlate the many developmentally-induced cellular and morphological changes in developing gynophores with the changes in auxin immunolocalization patterns observed at the different stages of growth. Although further studies are still needed on the specific sites of auxin production and transport in the developing peanut gynophore, the foundations for this future research have already been laid in this work.
